Summary. We conducted a 2-year prospective randomised study to investigate the effects of a linoleic-acid-enriched diet on albuminuria and lipid levels in Type 1 (insulin-dependent) diabetic patients with elevated urinary albumin excretion (overnight urinary albumin excretion rate between 10 and 200 gg/min). Thirty-eight patients were randomly assigned to increase dietary polyunsaturated:saturated fatty acids ratio to 1.0 by replacement of saturated fat with linoleicacid-rich products (n = 18, two dropouts, analysis was performed in n = 16) or to continue their usual diet (n = 20). The total fat and protein content of the diet was unaltered. Clinical characteristics, albuminuria, blood pressure, glomerular filtration rate, metabolic control and dietary composition were similar in the two groups at baseline. In the high linoleic acid diet group, linoleic intake rose from 7 + 4 to 11 + 2 energy % and polyunsaturated: saturated fatty acids ratio rose from 0.60 _+ 0.28 to 0.96 + 0.16 (p < 0.001 compared to usual diet group). The median increase albuminuria was 58% (95 % confidence interval, 13 to 109) during the first year (p <0.02) and 55% (95% confidence interval, 11 to 127) (p < 0.01) during the second year. Glomerular filtration rate remained unaltered and filtration fraction tended to rise (p < 0.05 compared to usual diet group). In the usual diet group, albuminuria did not significantly increase by 16 % (95 % confidence interval, -17 to 38) and glomerular filtration rate declined during the second year. Blood pressure tended to rise similarly in both groups. Multiple regression analysis showed an independent effect of the high linoleic acid diet on the progression of albuminuria as well as the lack of decrease in glomerular filtration rate. Low density lipoprotein cholesterol and apolipoprotein B levels decreased in the high linoleic acid diet group (p < 0.05). High density lipoprotein cholesterol declined in both groups (p < 0.05). It is concluded that a linoleic-acid-enriched diet reduces atherogenic lipoproteins but does not have a beneficial effect on and might even promote renal functional abnormalities in Type 1 diabetic patients with elevated urinary albumin excretion.
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The presence of microalbuminuria in Type i (insulin-dependent) diabetic patients is a sensitive predictor of future development of diabetic nephropathy [1] [2] [3] . In patients with nephropathy the risk of cardiovascular mortality is greatly increased [4] . Microalbuminuria does not only imply the presence of renal involvement in diabetes mellitus, but is also associated with generalised vascular damage as indicated by increased transcapillary leakage of albumin and markers of endothelial lesions [5] . In addition, several studies have shown that alterations in plasma lipoproteins such as elevated levels of LDL cholesterol and apolipoprotein B and low levels of HDL cholesterol can be demonstrated in Type i diabetic patients with microalbuminuria [6] [7] [8] [9] [10] . These unfavourable fipoprotein abnormalities will contribute to the increased cardiovascular risk and warrant dietary intervention in such patients.
One aspect of the dietary recommendations for diabetic patients is to replace saturated-fatty-acid-rich products with linoleic-acid-rich nutrients [11] . However, the possible renal effects of an increased intake of linoleic acid in Type i diabetic patients are unknown. In normal subjects, a high linoleic acid diet has been reported to stimulate creatinine clearance, possibly through an enhanced synthesis of vasodilatory prostaglandins [12] . The reported effects of dietary linoleic acid in various animal models of experimental renal disease are controversial. In immune complex nephritis essential fatty acid deficiency was associated with prolonged survival [13] , but this could not be confirmed in another study [14] . When partial nephrectomy was employed as a model of chronic renal failure, a high linoleic acid diet improved renal function and reduced proteinuria [15] [16] [17] .
The purpose of the present study was to investigate the long-term effects of dietary advice to increase linoleic acid intake at the expense of saturated fatty adds, achieving a polyunsaturated: saturated fatty acids ratio of 1.0, on albuminuria and lipoprotein levels in Type I diabetic patients with elevated urinary albumin excretion.
Subjects and methods

Patients
Patients with Type 1 diabetes and elevated urinary albumin excretion were recruited from the out-patient clinic. All patients suffered from ketosis-prone diabetes and were deemed insulin-dependent on clinical grounds. Patients with a mean urinary albumin excretion rate (UalbV) of between 10 and 200 ~g/min, determined in three consecutive timed overnight urine collections, and with sterile urine cultures were selected for the study. Three urine collections were used for classifying patients because of the high coefficient of variation of UalbV [18, 19] . These cut-off points were chosen since 10 gg/min represents the upper normal limit of UalbV (above the 97.5th percentile for 50 healthy control subjects) in our clinic, whereas levels above 200 tlg/min indicate diabetic nephropathy. The lower cut-off level of UalbV of 10 gg/min is comparable to previous studies showing an upper normal range in overnight collections of 7 gg/min [18] and 12 gg/min [20] in non-diabetic subjects. This cut-off point is however lower than the proposed level of 20 gg/min (or 30 mg/24 h) used to define microalbuminuria as a risk marker of diabetic nephropathy [3, 5] . Other criteria to be eligible for participation in the study were an age between 21 and 65 years, duration of diabetes of at least 5 years, serum creatinine <_ 120 gmol/1 and the patients' ability to monitor their blood glucose levels. Exclusion criteria were a history of other renal disease or renal tract abnormality, hypertension (systolic blood pressure > 160 mmHg and/or diastolic blood pressure > 95 mm Hg) unless adequately treated, change in antihypertensive medication within 3 months before randomisation, pregnancy and liver disease. The participants were randomised within 3 months of selection. All participating patients gave their oral informed consent. The study was reviewed and approved by the local medical ethics committee.
Study design
The study was a 2-year randomised prospective trial. The patients were randomly assigned to increase the dietary intake of linoleic acid at the expense of saturated fatty acids achieving a polyunsaturated: saturated fatty acids ratio (P: S ratio) close to 1.0 (high linoleic acid diet: HLAD) or to continue their usual diet (UD). The patients were stratified according to sex and randomised using blocks of ten men and six women. Assignment took place using opaque sealed envelopes. The objectives of the study were albuminuria and lipid levels. In addition, renal haemodynamics (glomerular filtration rate (GFR), effective renal plasma flow (ERPF) and filtration fraction), blood pressure and metabolic control were documented.
Renal haemodynamics were measured at baseline (shortly before randomisation) and after 1 and 2 years. The other determinants were measured at baseline and after 1.5, 4, 8, 12, 16, 20 and 24 months. The required sample size of the study was estimated on the basis of the high coefficient of variation of UalbV of 43.5 % [19] with three overnight timed urine samples collected on each occasion. It was calculated that 14 participants in each group were required to observe an inter-group significant difference in change of UalbV of 50 % and an intra-group change of 37 % at a two-sidedp < 0.05, with a power of 0.85.
Dietary assessment
The dietary assessments were performed by the same dietician. The patients assigned to HLAD were advised to replace butter or saturated margarines by polyunsaturated margarines and to restrict the intake of saturated fat from meat and milk products. Cholesterol intake was also reduced as a result of the restricted intake of animal fat. All participants were urged not to alter the total fat and protein content of the diet. Dietary sodium was unchanged. The diet was isocaloric for each patient. A complete dietary history was documented at baseline and after i and 2 years. Dietary records were obtained using the recall technique, covering 1 week (including a weekend) and cross-checked with each patient [21] . The composition of the diets was analysed with a computer assisted Nutrient Data Base [22] . At every visit nutritional advice was given as necessary, To confirm the increase in dietary P: S ratio in HLAD, the fatty acid composition of plasma cholesteryl esters was measured at baseline and at the end of the study. For this purpose the amount of linoleic acid (18:2c, o)6), oleic acid (18: i c, c09) and the linoleic acid: oleic acid ratio was documented [23] . Dietary protein intake was also calculated by the use of 24-h urinary urea excretion [24] .
Clinical and laboratory measurements
The GFR and ERPF were measured simultaneously using 125I-iothaIamate and 131I-hippuran, respectively, according to a previously described procedure [25, 26] . On each occasion the patients were studied after an overnight fast in the supine position starting at 08.00 hours. The morning insulin dose was withheld. To prevent ketosis the patients received an intravenous glucose solution to which regular acting insulin (Actrapid H.M., Novo-Nordisk, Bagsvaerd, Denmark) was added. The blood glucose levels were corrected to between 4.4 and 8.3 mmol/l. After a 4-h period to normalise and stabilise blood glucose levels, GFR and ERPF were determined over a 2-h clearance period. The filtration fraction was calculated as the GFR/ERPF ratio in percent. GFR and ERPF were adjusted to 1.73 m 2 of body surface area. Blood pressure was measured using a standard sphygmomanometer (Baumanometer, W.A. Braun Inc., New York, NY, USA). After a 10-min rest the sitting blood pressure was measured three times on both arms. Korotkoff phase 5 was taken as the diastolic blood pressure. The recordings were averaged for computation. The mean arterial pressure (MAP) was calculated as 0.67x diastolic pressure + 0.33x systolic pressure. Retinopathy was assessed by fundoscopy through dilated pupils and classified for the worst eye as absent, background or proliferative.
At every visit three consecutive timed overnight urine samples and one 24-h urine specimen were collected. Serum and EDTA-anticoagulated plasma samples were taken after an overnight fast. Urinary albumin was measured by a double-antibody radioimmunoassay (cat no KHAD2, Diagnostic Products Corporation, Apeldoorn, The Netherlands). The intra-and intercoefficients of variation were 2.3 and 7.7 %, respectively. Urinary urea and serum creatinine, protein and albumin were measured on a SMAC II autoanalyser (Technicon Instruments Inc., Tarrytown, NY, USA). Haemoglobin A1 (HbA1) was measured by colorimetry [27] (reference values: 4.5 to 5.8%). One 8-sample-based 24-h blood glucose profile (read with reagent strips) was documented by the patients at least every 4 weeks. Lipids were measured in unfrozen serum and in the HDLcontaining supernatant fraction after precipitation of apolipoprotein B-containing lipoproteins with sodium phosphotungstate and magnesium chloride [28] . Cholesterol and triglyceride were measured enzymatically using automated methods [29, 30] , LDL and VLDL cholesterol were calculated by the Friedewald formula [31] . Serum samples for apolipoproteins and plasma samples for cholesteryl ester-derived fatty acid determinations were frozen at -20~ until assay. Serum apolipoprotein A1 and B were measured by immunoturbidimetry on a Multistat I centrifugal analyser (Instrumentation Laboratories, Usselstein, The Netherlands) using commercially available kits (cat no 726478 and 726494, respectively, Boehringer Mannheim, Almere, The Netherlands). Plasma choles-teryl ester-derived fatty acids were measured using capillary gas Table 2 . Composition of the diet chromatography as previously described [32] .
Statistical analysis
The data obtained during the first and the second year after randomisation were pooled for statistical analysis. Comparison of baseline variables and of differences in change between the groups was performed by the Wilcoxon-test for unpaired observations. Changes in variables within a group were analysed by two-way analysis of variance according to Friedman [33] using the baseline measurement as reference point. Adjustment for multiple comparisons was carried out using Duncan's method [34] . Differences in prevalence of variables among groups were analysed by chi-square statistics. Relative risks (95 % confidence interval, CI) were calculated for progression of albuminuria. Multiple regression analysis was carried out to evaluate the independent contribution of parameters. Baseline UalbV is expressed as median (interquartile ranges); changes in UalbV are given in percent change (median, 95 % Ct). Other data are expressed as mean + SD or mean + SEM.p values less than 0.05 were considered to be significant.
Results
Patients
Of the 38 randomised patients 18 were assigned to the HLAD group and 20 to the UD group. Two patients assigned to HLAD were excluded from analysis because of pregnancy and a decision not to participate further. The baseline clinical characteristics of the remaining 36 patients are shown in Table 1 . The two groups were closely comparable with respect to cfinical parameters and serum creatinine. The UalbV values obtained at selection were not different (p > 0.70, Table 1 ). The prevalence of retinopathy and cardiovascular disease as well as the proportion of patients who smoked cigarettes was similar in both groups. In the HLAD group, one patient was treated for hypertension with a diuretic throughout the study. In the a HLAD, Type i (insulin-dependent) diabetic patients assigned to high linoleic acid diet; UD, Type i diabetic patients assigned to usual diet; b p <0.05 compared to baseline; ~ <0.01 compared to baseline; a p < 0.001 compared to baseline; ~ compared to UD, p < 0.05; f compared to UD, p < 0.01; g compared to UD,p < 0.001. Results are given as mean _+ SD UD group, one patient used a diuretic to which a betablocker was added after 12 months and another patient used a beta-blocker for hypertension. Two women in each group were using contraceptive drugs. The participants were urged not to use non-steroidal anti-inflammatory drugs during the study.
Diet
The composition of the diets as assessed by dietary recall is shown in Table 2 . At baseline, energy and nutrient intake were similar in the two groups. Total energy intake decreased in the HLAD group after 2 years. Linoleic acid intake increased in the HLAD group and was higher than in the UD group at 1 and 2 years. This rise in linoleic acid intake was achieved by a reduction in the intake of saturated fat and resulted in the recommended P: S ratio close a HLAD, Type 1 (insulin-dependent) diabetic patients assigned to high linoleic acid diet; LID, Type 1 diabetic patients assigned to usual diet; b p < 0.05 compared to baseline; c p < 0.02 compared to baseline; a p < 0.0t compared to UD. Results are given as mean + SD to 1.0. In the UD group, the P: S ratio was unchanged. Dietary cholesterol intake was reduced in the HLAD group and slightly so in the UD group. In both groups, dietary fibre intake was unchanged.
Plasma cholesteryl ester fatty acid analysis substantiated the increase in dietary P: S ratio in the HLAD group (Table 3) . In this group, linoleic acid tended to increase (p < 0.10) and oleic acid decreased, resulting in a higher linoleic acid: oleic acid ratio after 2 years, whereas in the UD group no significant changes were found in these parameters. On the basis of 24-h urinary urea excretion, dietary protein intake was comparable in the two groups at baseline and did not change significantly during the study (HLAD: 0.99 + 0.25, 1.00 + 0.25 and 0.99 _+ 0.24 g. kg body weight -1. day -1, NS; and UD: 1.12 + 0.24, 1.09 _+ 0.22 and 1.07 _+ 0.22 g. kg body weight-1. day-1, NS, at baseline and during the first and the second year of the study, respectively).
Albuminuria, blood pressure and renal haemodynamics
At baseline UalbV was not significantly different in the HLAD group (17(12-33) gg/min (median (interquartile ranges) ) compared with the UD group (26(13-47) gg/min) (p > 0.80).InHLAD,UalbVroseto37 (14-72)gg/minduringthefirst year (p < 0.02) andto33 (17-65) gg/min during the second year (p < 0.01). In LID, UalbV was 19 (11-45) gg/min during the first year and 25 (11-79) gg/min during the second year ~ > 0.30). Alterations in UalbV, expressed as percent change from baseline during the first and the second year of the study are shown in Figure 1 , upper panel. In the HLAD group, UalbV increased by 58 % (95 % CI, 13 to 109) (median, 95 % CI) during the first year (p < 0.02). UalbVwas 55 % (95 % CI, 11 to 127) higher in this group during the second year (p < 0.01). In the UD group, UalbVdidnotincrease significantly (16 % (95 % CI, -17 to 38) during the second year). Furthermore, the increase in UalbV in the HLAD group during the first year was significantly different from the change in UalbV in the UD group (p < 0.05). At baseline, seven of the 16 patients assigned to HLAD and 13 of the 20 patients assigned to UD had UalbV > 20 gg/min (p > 0.30). In the subset of patients with baseline UalbV > 20 gg/min the risk for progression of albuminuria was elevated in the HLAD group compared with the UD group with a relative risk of 3.10 (95 % CI, 1.03 to 9.28) during the first year (p < 0.05) and of 1.33 (95 % CI, 0.67 to 2.64) during the second year. The HLAD patients with baseline UalbV < 20 gg/min showed a similar trend in progression of albuminuria. UalbV increased in eight of the nine HLAD patients and in three of the seven UD patients during the second year (p < 0.03 for comparison of UalbVvalues).
The MAP was not different in the groups at baseline and rose similarly in both groups (Fig. 1, lower panel) . To clarify the effect of assignment to HLAD and blood pressure on the progression of albuminuria, the patients were divided according to their average MAP during the study into subgroups with MAP _<95 mmHg and MAP > 95 mmHg. This cut-off level was arbitrarily chosen on the basis of an average MAP of 95 mm Hg in the entire study population during the 2 years of study. The risk for progression of atbuminuria in the various subgroups was compared to the UD patients with a MAP < 95 mmHg. As is shown in Table 4 the risk for progression of albuminuria, as measured in the second year, was significantly elevated in HLAD patients with MAP < 95 mmHg. When MAP during the study was above 95 mmHg, the risk or progression of albuminuria was similarly elevated in both groups. HLAD, Type i (insulin-dependent) diabetic patients assigned to high linoleic acid diet; UD, Type 1 diabetic patients assigned to usual diet. b p < 0.005 compared to baseline; c change in HLAD different from change in UD, p < 0.05. Results are given as mean + SD There were no significant differences in baseline GFR (p >0.20), ERPF (p >0.30) and filtration fraction (p >0.40) between the groups (Table 5) . Glomerular hyperfiltration (GFR > 135 ml-min -1.1.73 m -2) was present in three HLAD patients and in five UD patients (p > 0.80). In the UD group, GFR decreased after 2 years, whilst in the HLAD group, GFR remained unaltered. The ERPF tended to decline in the HLAD and the UD group (p < 0.10 for both groups). There was a trend for the filtration fraction to increase in the HLAD group and to decrease in the UD group, the difference in change being significant after 2 years.
Multiple regression analysis confirmed that the progression of albuminuria as well as the lack of decrease in GFR during the second year of the study were independently related to assignment to HLAD. Blood pressure during the study (p < 0.005), baseline ERPF (p < 0.05) and assignment to HLAD in the patients with MAP < 95 mmHg (p < 0.05) had an independent effect on the progression of albuminuria (as relative change of UalbV after logarithmic transformation). In this analysis baseline UalbV did not significantly contribute to progression of albuminuria (p = 0.54). The change in ERPF after 2 years 169 (p < 0.001) and also assignment to HLAD (p = 0.06) independently contributed to the 2-year change in GFR, whereas addition to the analysis of glomerular hyperfiltration at baseline did not (p = 0.29). Oncotic pressure was unlikely to be responsible for the difference in renal haemodynamic changes between the HLAD and the UD groups. At baseline and after 2 years serum total protein (baseline: HLAD 68.9 + 2.6 g/l, UD 68.6 + 3.8 g/i, NS; after 2 years: HLAD 68.4 + 3.1 g/l, UD 67.7 + 3.7 g/l, NS) and albumin concentration (baseline: HLAD 44.1+2.5g/1, UD 44.4 + 3.3 g/l, NS; after 2 years: HLAD 41.8 + 2.3 g/l, UD 42.2 + 3.1 g/l, NS) were similar in the two groups.
Lipoproteins
Cholesterol, triglyceride and apolipoprotein levels are shown in Figure 2 . In the HLAD group, total serum cholesterol decreased. HDL cholesterol decreased from 1.34 + 0.27 mmol/1 at baseline to 1.28 + 0.37 mmol/1 during the second year. LDL cholesterol decreased from 3.87 + 1.17 mmol/1 to 3.66 + 0.75 mmol/1 and apolipoprotein B decreased from 0.90 + 0.29 g/1 to 0.81 _+ 0.18 g/1. VLDL cholesterol, serum triglyceride and apolipoprotein A1 did not change significantly. In the UD group, total serum cholesterol decreased slightly. This could be entirely accounted for by a decrease in HDL cholesterol fiom 1.41 + 0.37 mmol/1 at baseline to 1.29 + 0.37 mmol/l during the second year. In this group, LDL and VLDL cholesterol, serumtriglyceride, apolipoprotein A1 and B did not change significantly.
Body weight and metabolic control
Body weight, HbAI, blood glucose and insulin dose are shown in Figure 3 . At baseline body weight was comparable in the HLAD and the UD groups. In both groups the body weight was higher during the second year, but the increase was only significant in the UD group. There were no differences in HbA1 between the groups. However, HbA1 was lower at baseline compared with the measurement which was taken when the patients were selected for and informed about the study. During the first year HbA1 was higher than at baseline in both groups, but not different from the values obtained at selection of the patients. No change in 24-h blood glucose profiles could be demonstrated. Insulin dose was comparable in the HLAD and the UD groups at baseline and did not change significantly.
Discussion
This prospective randomised study determines the longterm effects of a diet enriched in linoleic acid on albuminuria and lipid levels in Type 1 diabetic patients with elevated UalbV. An overnight UalbV above 10 gg/min was considered to be abnormal, because this level represents the 97.5th percentile for normal subjects in our result in a variable increase in plasma cholesteryl linoleate [36, 37] , which makes fatty acid analysis less suitable to assess dietary intake in the individual patient [38] . Plasma fatty acid analysis was therefore only used to confirm compliance in the whole group of patients. In the control group, there was a non-significant rise in urinary albumin excretion rate of 16 % during the second year of the study. This progression is comparable with an annual increase of 7 % observed in conventionally treated patients [35] , but is somewhat lower than the mean annual increase of 19 % reported in another study [39] . In the HLAD group, albuminuria rose significantly more (58 % during the first year and 55 % during the second year of the study). When subsets of patients with baseline urinary albumin excretion rate above or below 20 pg/min were analysed, a similar trend for accelerated albuminuria was noted with the high linoleic acid diet. In addition, risk analysis as well as multiple regression analysis indicated that both assignment to high linoleic acid diet and systemic blood pressure contributed independently to progression of albuminuria. Blood pressure tended to rise during the study in both groups. The present study therefore shows that a linoleic-acid-enriched diet does not reduce systemic blood pressure, agreeing with most clinical investigations [40] ; although a blood-pressure-lowering effect of linoleic acid has been claimed [41] . Previous reports have also shown a rise in blood pressure at follow-up of microalbuminuric patients, which supports the assumption that increase in blood pressure and progression of albuminuria are concomitant [35, 39] .
GFR decreased after 2 years in the control group. night [18] . Patients with minor elevations in urinary albumin excretion were thus included in the present study.
Comparison of baseline data showed similar clinical characteristics, albuminuria, blood pressure, GFR, ERPF, metabolic control and diet composition in the two study groups. Total fat-derived energy intake was rather high although the patients had been advised at diagnosis or referral to the clinic to adopt a diet with 30-35 % energy from fat. An increase in dietary P: S ratio was achieved by replacement of saturated-fatty-acid-rich nutrients with linoleic-acid-rich products without changing the total fat and protein content Of the diet. The compliance to the prescribed diet was good, as indicated by the dietary recall data. Plasma cholesteryl ester fatty acid analysis substantiated the increase in dietary P: S ratio using the plasma linoleic acid: oleic acid ratio parameter [23] . However, perturbations in fatty acid metabolism in Type i diabetes will discerned whether this reflects diminished glomerular hyperfiltration or deterioration of renal function. The individual changes in GFR were related to the changes in ERPF indicating the importance of renal plasma flow as a determinant of glomerular filtration [42] . Other studies have shown that GFR decreased in patients with higher levels of albuminuria [5] and that GFR declines more in patients with glomerular hyperfiltration [43] . In the HLAD group, GFR did not change and filtration fraction tended to rise. Multiple regression analysis substantiated an independent inhibiting effect of the high linoleic acid diet on the decrease in GFR. Furthermore, the difference in renal haemodynamic alterations between the two study groups could not be explained on the basis of a difference in the proportion of patients with glomerular hyperfiltration, blood pressure, colloid osmotic pressure as reflected by serum protein concentration, or metabolic control. These results would support the hypothesis that renal haemodynamic factors might be involved in the accelerated albuminuria associated with a linoleic-acid-enriched diet.
The mechanisms by which dietary linoleic acid has an effect on albuminuria and renal haemodynamic abnormalities were not explored in the present study. One possibility is that increasing linoleic acid intake alters the systemical and renal synthesis ofvasoactive prostaglandins such as prostaglandin E2, I2 and thromboxanes through an effect on arachidonic acid availability in the cyclooxygenase pathway [44, 45] . In normal subjects, creatinine clearance rose after a linoleic-acid-rich diet, possibly as the result of enhanced synthesis of the vasodilatory prostaglandin E2 [12] . Animal experiments employing partial renal ablation have also shown that increasing linoleic acid 1. intake alters urinary prostaglandin excretion, but in these studies proteinuria was reduced [15] [16] [17] . Urinary prostaglandin E2 excretion was higher in microalbuminuric than 2. in normoalbuminuric Type I diabetic patients and indomethacin reduced both prostaglandin E2 excretion and al-3. buminuria [46] . Enhanced renal synthesis of vasodilatory prostaglandins was found to be associated with glomerular hyperfiltration in streptozotocin-induced diabetes in rats 4. [47] and in Type 1 diabetes in man [48] . By contrast, other studies did not support a role for renal prostaglandins in 5. glomerular hyperfiltration in Type i diabetic patients [49, 50] . Whether altered prostaglandin synthesis is involved in the renal functional abnormalities associated with a linoleic-acid-enriched diet remains speculative at present and further study is needed.
With the linoleic-acid-enriched diet, LDL cholesterol and apolipoproteinB levels were modestly reduced whereas apolipoprotein B-containing lipoproteins did not change in the control group. These findings are in agreement with the reported reduction of LDL cholesterol observed in Type 2 (non-insulin-dependent) diabetic patients consuming a linoleic-acid-enriched diet [51] . The decrease in cholesterol intake that coincided with the increase in dietary P: S ratio could have contributed to the LDL lowering in the present study [52] . LDL cholesterol and apolipoprotein B did not significantly decrease until the second year of the study. This apparently late effect can probably be explained by the fact that HbA1 levels were lower at baseline than at selection of patients and 171 rose again during the first year of the study. Previous studies have shown that HDL cholesterol was lower in microalbuminuric than in normoalbuminuric Type 1 diabetic patients [8, 9] . Thus the decline in HDL cholesterol at follow-up is not unexpected. Since HDL cholesterol decreased similarly in both study groups, it appears that increasing dietary linoleic acid intake to a P: S ratio of 1.0 does not have an effect on HDL cholesterol in microalbuminuric patients. This should be compared with nondiabetic subjects in which an intake of linoleic acid up to 12 energy % does not significantly lower HDL cholesterol [53] , but in which a reduction in HDL cholesterol has been reported at higher intakes [54] .
In conclusion, a linoleic-acid-enriched diet has a beneficial effect on atherogenic lipoproteins in Type 1 diabetic patients with elevated urinary albumin excretion. However, as albuminuria most probably reflects glomerular dysfunction, this diet does not appear to have a beneficial effect on and might even promote renal functional abnormalities. The effects of a linoleic-acid-enriched diet on cardiovascular disease and eventual deterioration of renal function in Type i diabetic patients with microalbuminuria remains to be established.
